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Introduction 
All over the world, millions of people have severe motor disabilities (e.g., diplegia, tetraplegia), 
temporary or permanent motor impairments (e.g., tendinitis, arthritis, musculoskeletal diseases), and 
motor disorders (e.g., developmental coordination, stereotyped movements), which hamper many of 
their everyday activities [17]. In particular, people with upper limb disabilities, amputations or hand 
disorders run into difficulty when required to write either with a pen on paper or with text-entry 
through keyboard, use a pointing device or operate a touchscreen. 
So far a number of solutions have been developed to facilitate text-entry through techniques which do 
not require finger coordination, dexterity or fine motor skills (e.g. eye-tracking, speech recognition, 
adaptable onscreen keyboards, switches). [21, 22]. These solutions are effective when entering and 
editing text (i.e. characters, words and sentences), but they are not designed for typing and editing 
maths. Even though some of these assistive tools can actually be used for typing maths, they require a 
considerable amount both of cognitive load and physical effort [5]. For instance, a person with 
tetraplegia can use a head-mounted pointing device or an eye-tracking input system to select and enter 
maths symbols in an off-the-shelf editor, but the time and cognitive load required to perform these 
tasks are extremely high in comparison to average speed and effort for typing maths by pen on paper 
or through mouse and keyboard. As a consequence, concentration is drawn away from mathematical 
concepts and simplification rules towards the typing technique [16, 6, 5]. Recent development of 
speech-to-text (STT) technologies has paved the way for the design and development of new speech-
based interaction paradigms which are to introduce motor-impaired people (MIP) to hands-free typing 
and editing of maths. 
This work presents SpeechMatE, a prototype application designed to type and edit maths through 
speech input in the Italian language. To the best of our knowledge, it is the first tool that enables input 
of mathematics in Italian. At this stage of development, SpeechMatE can be used to type arithmetic and 
elementary algebra taught in the first year of Italian secondary schools. 
Related Work 
Research on techniques to support people with motor impairments in typing has investigated a number 
of different solutions. This section, at first introduces text-entry systems not specifically designed to 
type maths expressions, but which can be used also to enter math notation in conjunction with a 
mainstream maths editor. Afterwards, it examines systems designed to type mathematics via speech 
input. 
Text-Entry Systems for People with Motor Impairments 
Text-entry techniques for MIP can be classified in five categories: direct selection, scanning, pointing, 
gestures and speech-to-text [21]. 
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Through direct selection MIP can select one out of a limited set of keys. This technique is used in 
chording [11], ambiguous [12] and encoding [19] keyboards. Through scanning, items in a list (e.g., 
characters, words) are automatically highlighted sequentially until one is selected [14, 13]. Text-entry 
based on pointing is performed by selecting characters through a pointing device controlled by a body 
part such as head [10], eyes [15], nose [20], foot [18] etc. Typing based on gestures is achieved through 
the recognition of a set of gestures (e.g., through a camera or a touchscreen), representing characters 
or words2 [26]. 
These solutions present three main limitations: low typing speed, error proneness and a steep learning 
curve [21, 22], [9]. By contrast, thanks to recent development of speech recognition techniques, STT 
enables fast and effective dictation of entire sentences at a time. SpeechMatE adopts STT to facilitate 
maths typing. 
Speech-to-Text Systems for Writing Mathematics 
This section introduces the systems which have been developed to write mathematics through speech 
input. TalkMaths [24, 25] is a prototype application which translates arithmetic, elementary algebra and 
trigonometry from spoken English into LaTeX or MathML. It adopts Dragon Naturally Speaking3 (DNS) 
as speech recognition system. The translation rules are defined only for English and they are based on 
pauses, which slow down the dictation process [8]. 
Mathifier [1] is an open source software module which converts maths expressions from English into 
LaTeX. It combines a dictionary, a language model and an acoustic model to recognize mathematical 
English utterances. It uses Sphinx-4 [23] to recognize speech. This system has been designed for 
recognizing maths only in English, and as yet no reliable Italian speech recognition has been enabled. 
CamMath [8] is designed to prove the advantages of continuous speech over discrete utterance of 
mathematical expressions in English. It works as a front-end for Scientific Notebook4, a commercial 
maths editing system. It uses Microsoft speech recognition platform which supports recognition of the 
Italian language only through Microsoft development tools. 
Bernareggi et al. [3] investigate speech input of mathematics in the Italian language for the LAMBDA 
editor [2], a commercial maths editor for visually impaired people. Speech is recognized through DNS. 
A dictionary of symbols and commands which are valid for the LAMBDA editor is defined. Hence, the 
dictation process is limited to the LAMBDA editor and it is far from dictation in natural language. 
Metroplex MathTalk5 is a commercial application that provides speech input of arithmetic, algebra, 
calculus and statistics in English. Recognition is based on DNS and it implements a dictation model 
based on pauses, which slow down the dictation process. 
EquatIO6 enables dictation of simple maths expressions in English in MS Word and in GSuite 
applications. 
SpeechMatE, similarly to CamMath and Mathifier, adopts continuous speaking interaction and it includes 
software components which can be used for free. Unlike all the previous solutions, it is designed for 
the Italian language. 










SpeechMatE consists of five main functional components: a speech recognizer, a parser, a LaTeX editor, 
a LaTeX compiler, and a PDF viewer supporting hot reload when open files change. The user interacts 
with the system through speech commands, or the dictation of text or maths expressions. Speech flow 
is processed by the speech recognizer which generates the corresponding text in the Italian language. 
This text is parsed by the parser that converts mathematical expressions into LaTeX and links speech 
commands to a corresponding script in the editor. Afterwards, the result of the parser is sent to the 
editor which updates the PDF document or executes the script. 
Two videos7 show how SpeechMatE works. 
Fig. 1: A high level representation of the components of SpeechMatE 
Design Challenges 
The design process has gone through three main challenges: (i) the design of a speech interaction model 
which defines how to dictate text and maths in the Italian language so that they can be parsed and 
properly input and edited in a document; (ii) the selection of a maths editor which can enable the 
editing and displaying of maths in real time while writing; (iii) the identification of an automatic speech 
recognition service that is reliable for the Italian language and which can be used for free. 
The Speech Interaction Model 
SpeechMatE enables full speech interaction, which means that all the operations available in SpeechMatE 
must be enabled by speech. To this purpose, three environments are defined: the text environment, 
wherein speech flow is recognized as text according to the rules of the Italian language, the maths 
environment, wherein only mathematics can be dictated and the commands environment for entering 
all the editor commands (e.g. editing, open, save). Three reserved words (i.e. testo, matematica, 
comandi) are used to activate the desired environment. So far, this work has defined the maths 
environment for arithmetic and elementary algebra. There is not a reference book for spoken 
mathematics in Italian, so the rules to read maths expressions in Italian are defined by localizing the 
rules for English introduced in the Handbook for spoken mathematics [4]. Mathematical expressions 
that can be dictated are defined as sequences of: 
Atomic symbols including for example Latin letters, Greek letters, numbers, parentheses 
Operators that are applied to one or more mathematical expressions that can be separated by 
reserved words and ended by the stop word fine. 
Here are some examples of expressions (in Italian) which can be dictated with SpeechMatE: a a 
quadra 12 pi  aperta tonda 13 meno 4 chiusa tonda diviso 3 a a a  4  e  a e b ac e  
12 plus open round bracket 13 minus 4 close round bracket divided by 3 close square bracket divided 
b  4  
12 + (13 − 4  ÷ 3 ÷ 4 Expression 1 
                                               
7 http://www.integr-abile.unito.it/icchp2020/frazione.mp4 and http://www.integr-abile.unito.it/icchp2020/equazione.mp4 
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a  a  2  4 denominatore 5 fine  6  f ac  e a  2  4 de a  5 
e d  6  
 Expression 2 
a  a   a a 4   1 a  a  a    1 denominatore x meno 
1   3  f ac  e a    he power of 4 end minus 1 denominator fraction 
e a    1 de a    1 e d  3 e d  
 Expression 3 
The Maths Editor 
The functional role of the maths editor is to enable entering text and mathematics as well as the editing 
and the displaying of mathematical expressions in visual notation while typing. Initially, the features of 
the editor were defined while typing. Initially, the features of the editor were defined, then a number 
of editors were compared in order to choose the most adequate one. First, since LaTeX is the most 
complete system to compose scientific documents, in view of future extensions, the editor must 
include tools to assist the writing LaTeX documents (e.g., syntax highlighting). Second, in order to 
automate operations through speech commands, the editor must include a scripting language. Third, 
for the expressions to be displayed in visual notation in real time, the editor must be interfaced with 
an external LaTeX compiler, which in turn is interfaced with a PDF viewer with hot reload capabilities. 
A number of LaTeX editors were compared to select the most adequate one, including, in particular 
Glimpsee [7], Overleaf8 and TeXStudio9. In the end, TeXStudio was chosen for its being an open 
source, cross-platform and fully-featured LaTeX editor. Potentially, it can be extended through 
QTScript10, a JavaScript-like scripting language and it can be interfaced with a LaTeX compiler (e.g. 
latexmk on Mac OS or LaTeXdaemon for Windows), which is in turn interfaced with a PDF viewer 
(e.g. Skim for Mac OS or SumatraPDF for Windows). Every time the document is saved, the PDF 
document is updated and viewed. 
Automatic Speech Recognition for Italian 
Many different speech recognition systems were evaluated with respect to the ability of recognizing 
the Italian language. They can be divided in two groups: online and offline recognizers. For what 
concerns offline recognizers, Sphinx, Kaldi and DeepSpeech were analysed and it emerged that, at the 
present stage of development, they are not accurate enough for recognizing Italian language. 
Among online recognizers, Google Cloud Service11, Microsoft Bing12, Houndify13 and IBM Watson14 are 
commercial solutions that recognize Italian very precisely. Nonetheless, the pricing scheme based on 
the number of requests or on the number of processed minutes leads quickly to high costs when 
applied to continuous speech recognition. 










In the end, Google Cloud Service was chosen, which is available for free with some restrictions through 
Google Chrome browser. 
Implementation 
A JavaScript application listens to the continuous speech input that is sent to the recognizer via Web 
Speech API15. The recognizer transforms speech into text based on grammar rules specified in JSpeech 
Grammar Format16 (JSGF). These rules force the recognizer to properly recognize Latin letters, Greek 
letters and numbers. The text generated is sent to a multi-thread parser that transforms the maths 
expressions into LaTeX in real time. The output of the parser is sent to the document in TeXStudio. 
If a command is sent, TeXStudio will run a script. If text or LaTeX is sent, TeXStudio will save the 
document and the LaTeX compiler will generate the PDF document to be displayed by the PDF viewer. 
Conclusions and Future Work 
This work has introduced SpeechMatE, a prototype system which can be used by MIP to type maths 
through speech input in the Italian language. This prototype is the starting point for future development 
along four main directions: (i) adoption of an open source speech recognizer which properly recognizes 
the Italian language; (ii) extension to further mathematical notations including in particular 
trigonometry, calculus and set theory; (iii) design and development of speech- driven navigation and 
editing of maths expressions; (iv) usability evaluation with MIP. 
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